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Introduction
Lactococcosis is a bacterial disease caused by Lactococcus garvieae that occurs in freshwater as well as seawater and has been a source of major economic losses since the early seventies for rainbow trout (Oncorhynchus mykiss) and marine fish industries in Asia (rainbow trout and yellowtail, Seriola quingueradiata) as well as in the United State of America and South Africa [1] .
Fish larvae do not have the ability to develop specific immunity during the early stages of development [2] [3]. Fresh water species like rainbow trout and channel catfish show the first appearance of surface IgM about 1 week after hatching [4] . Commonly, fish larvae have reached about 20 -30 mm in length when IgM is first expressed. In this respect, it has been speculated that the relatively appearance of authologous humoral IgM may be, to some extent, compensated by maternally derived immunoglobulins [5] [6] . Maternal IgM has been demonstrated in the eggs and embryos of several fish species like plaice [6] [7] , Carp [8] , sea bass [9] [10] . And salmon [11] but not in cod [12] and may be involved in the early defence against pathogens in eggs containing developing embryo and larvae, since the relatively late appearance of authologous humoral IgM [5] [6] .
Lysozyme is an important innate defence parameter and is widely distributed in invertebrates and vertebrates. The enzyme has been detected in oocytes, fertilized eggs and larval stages of fish species like coho salmon, sea bass and tilapia [6] . The presence of humoral non-specific factors such as lysozyme has been reported in the eggs of different teleost species [13] [14] .
During the last decade, a number of studies have shown that in addition to their classically described reproductive functions, estrogens and androgens also regulate the immune system in teleost [15] . The reproductive immune interactions studied in fishes indicate that sexual maturation (i.e., gonadal maturity and reproductive activities) can potentially affect both the innate and adaptive immune responses [16] [17] . In fish, the reproductive cycle is marked by seasonal variation in plasma sex steroids and by changes in immune parameters which render them more sensitive to the presence of pathogens [18] . Furthermore, immune biomarkers may prove useful for the identification of contamination in the wild [17] . In some studies, it is shown that the rise of 17-β-estradiol during the spawning season affects the lymphocyte proliferation and IgM level, and antibody-producing cells in several fish species like Oncorhynchus mykiss, Salmo trutta, Chinook salmon, Oncorhynchus tshawytscha, gold fish, Carassius auratus [18] - [21] . Letrozole (CGS 20264), with commonly used brand name Femara, is a non-steroidal trizole derivation and one of the most potent aromatase inhibitors yet developed as endocrine disrupter component (EDC). Letrozole is capable of inhibiting aromatase 98% -99% and reducing serum concentrations of estrone and E 2 beyond the limit of detection in patients [22] . Our results in a recent study showed that, E 2 levels were significantly decreased in all fish injected by letrozole in comparison to control group from 6 to 96 h after injection with AI [23] .
Little information is available on the immune response and transfer of maternal immunity of rainbow trout larvae as well as to define the most effective immunisation protocol for particular species such as rainbow trout. The fate of maternally derived IgM in yolk is still unknown in species, although it is probably transferred from the larval yolk sac into their circulation. This study was conducted in order to obtain further evidence on the transfer of maternal immune parameters (IgM, lysozyme) of rainbow trout to their offspring against lacotococcosis along with effects of letrozole on lysozyme and IgM levels after female immunisation of rainbow trout.
Materials and Methods

Letrozole
The non-steroidal aromatase inhibitor letrozole (CGS 20267) [1H]-4-androstron-3,17-dione, obtained as a gift from Iran hormone venture pharmaceutical technology development Co., Ltd., Iran was dissolved in the vehicle ethanol [24] . Stock solutions which contained 2.5 mg of AI ml −1 were prepared.
Bacteria and Bacterin (Vaccine) Preparation
Lactococcus garvieae (EU727199) was isolated from diseased fish showing signs of lactococcosis which were collected from rainbow trout farms in Fars province (obtained from the Shiraz University, Shiraz, Iran). This strain was selected on the basis of its antigenic characteristics that were determined in a previous work [25] . The strain was routinely grown onto Columbia sheep blood agar (Oxid, Madrid, Spain) plates at 25˚C for 24 -48 h. Stock cultures were maintained frozen at −80˚C in tryptone soy broth (Difco, Madrid, Spain) with 15% glycerol. A formaline-killed vaccine was prepared as previously described [26] [27] . The selected strain of L. garvieae was grown in Trypticase Soy Broth (TSB, Difco) for 48 h. Bacterial cells were killed by addition of formalin to achieve a final concentration of 0.3% and incubated for 3 h at 25˚C and then 4˚C overnight. Bacterial cells were collected by centrifugation at 6500 × g for 30 min at 4˚C and washed three times with phosphate buffered saline (PBS: pH 7.4) and then were resuspended in PBS at a final concentration of 1.2 × 10 8 cfu•ml −1 .
Fish
Thirty six adult rainbow trout (Oncorhynchus mykiss) females were obtained in mid-September 2011 from Dalkhan rainbow trout hatchery farm, Sepidan, west of Shiraz, Iran and held outdoor in a 10 m 2 concrete pond in a flow-through water system. The fish were kept in well-aerated water at 15.8˚C ± 0.5˚C, dissolved oxygen 5.5 ± 0.1 ppm and pH 7.8 ± 0.18. Fish were initially weighted (854 ± 0.1 g) under anesthesia (150 ppm clove oil). After 7 days of acclimation to the condition, they were randomly divided in three groups and each group was kept in a 2 m 2 concrete pond with a water depth of 50 cm in the same flow through water system. During the experiment, the fish were fed with commercial salmon food (Beyza 121 Feed Mill (BFM) Co., Ltd., Iran).
Letrozole Injection of Brood Fish
These procedures were carried out at least 3 days after females had been transferred to 2 m 2 concrete ponds. In mid-August 2011, twelve fish were injected itraperitonially (i.p) weekly with 2.5 mg•kg −1 letrozole at the base of the right ventral fin using individual 4 ml syringes fitted with an 18.5 gauge needle. Twenty four fish were injected with the vehicle ethanol only (1.0 ml•kg −1 body weight).
Vaccination of Brood Fish
In mid-September, letrozole injected parents, were immiunised with 1.0 ml of formalin (3%) inactivated Lactococcus garvieae (10 9 cells•ml −1 ) (n = 12). Also twenty four fish injected only with ethanol were divided in two groups. Control group (n = 12) was immiunised (i.p) with 1.0 ml sterile PBS (phosphate-buffered saline 0.1 M, pH 7.2) and group immiunised with 1.0 ml of formalin (3%) inactivated Lactococcus garvieae (10 9 cells•ml −1 ). Before any handling procedure, fish were anaesthetized a solution of freshly powdered clove oil with concentration of 150 ppm.
Serum Sampling
Blood was collected from the caudal vein of fish prior to immunisation and every ten day post-injection, random serum samples were obtained from six fish per raceway pond (non-lethal bleeding) of the immunised and control fish, and allowed to clot at room temperature for 1 -2 h and then at 4˚C overnight. Sera were collected and stored at −20˚C.
Eggs and Larvae
Eggs (in 5 ml container) were collected thirty days after the last injections. Then after, egg samples were collected every fifth day after spawning and stored at −20˚C for further use. Larvae (two groups) were collected every 2nd day until day 10 post-hatching and then every 4th day.
Homogenates of Eggs and Larvae
Eggs and larvae were washed two times with sterile PBS, pH 7.2, homogenized with 1 volume of PBS and cen-trifuged at 3000 g for 10 min at 4˚C. The supernatants were collected, centrifuged once at 3000 g for 5 min and stored at −20˚C.
Weight of Larvae
Samples from the different larval stages were collected, weighted, rinsed with distilled water, and their wet body weight measured and recorded. From day 0 to 18, groups of 50 larvae were used due to smaller size. After day 18, 10 larvae per group were sampled.
Immunological Assays
Lysozyme
The lysozyme activity of samples (serum, eggs or larval homogenates) was measured using a method based on the ability of lysozyme to lyse the bacterium Micrococcus lysodeikticus [28] . In a 96-well microplate, 250 μl of samples (serum, eggs or larval homogenates) in four twofold serial dilutions in PBS (0.05 M, pH 7.2) were mixed with 250 μl of 0.7 mg•ml −1 suspension of Micrococcus lysodeikticus (Sigma) in phosphate buffer (175 ml). The microplate was incubated at 24˚C and O.D. was read at 450 nm at 15 and 30 min. For a positive and a control, serum was replaced by hen egg white lysozyme (serial dilutions starting at 1.6 μg•ml −1 ) and buffer respectively. A unit of lysozyme activity was defined as the amount of serum causing a decrease in the O.D. reading of 0.001 min.
Total IgM
The serum samples (serum, eggs or larval homogenates) from weekly letrozole injected immunised, only immunised and non-immunised and extracts from eggs and larvae originating from all groups were assessed with ELISA to measure total IgM by the method of Hanif et al. [3] with slight modification as follows: 3 washes with PBS containing 0.05% Tween 20 (PBS-Tween) were performed between steps. Each well of microplate (Falcon, USA), which was coated with 50 μl of rabbit anti-rainbow trout IgM (6.6 μg/ml) (Sigma, St. Louis, USA), was incubated for 2 h at 37˚C. After washing, 50 μl of serum, eggs or larval homogenates serially diluted standards from 800 to 3.2 ng/ml and were added to the wells, and the plate was incubated overnight at 4˚C. After washing, 50 μl of goat anti-trout antibody which was conjugated with horse radish peroxidase (Sigma, St. Louis, MO), and diluted in PBS-Tween, was added to the plate, and incubated for 2 h at 37˚C. After washing, peroxidase activity was measured by adding 50 μl of substrate solution which contained о-phenylenediamine dihydrochloride (1 mg/ml, BRL, USA) and 0.04% H 2 O 2 in 0.1 M citrate/0.2 M phosphate buffer (pH 5.5). After incubation for 30 min at room temperature, the enzyme-substrate reaction was stopped by adding 25 μl of 2 M H 2 SO 4 to each well and the color change was measured spectrophotometrically at a wavelength of 450 nm ± 2 nm. All samples were placed in triplicate on the plates and the mean and standard deviation (S.D.) were calculated for each sample IgM concentration. Data were expressed either as mg•ml −1 for serum and μg•g −1 of wet body weight in eggs or larvae.
Statistical Analysis
Data were evaluated using one-way analysis of variance (ANOVA). Groups were considered to be significantly different if P < 0.05. When a significant F value was obtained for ANOVA the differences between all groups were tested by using Duncan multiple comparisons test. All statistics were performed using SPSS for windows version 16.
Results
Larval Growth
The wet weights (mg) of larvae were recorded in three groups from days 0 -58. A difference in body weight increase was observed in larvae from immunized and non-immunized brood fish as compared to larvae from weekly letrozole injected immunised parents (Figure 1) , especially from day 34. But this difference in growth and wet body weight of larvae from three groups was non-significant. 
Immunological Assays
Lysozyme
The lysozyme activity (μg•ml −1 ) in sera of the injected weekly with letrozole and immunised parents was higher (294.31 ± 2.02 units•ml ) and the non-immunised in sera of bloodstocks at day 30 (Figure 2(a) ). The difference was significant among the groups (p < 0.05). Duncan multiple comparison was performed for comparison between groups (Figure 2(a) ). Egg extracts from the injected with letrozole and immunised group expressed (Figure 2(b) ) significantly (p < 0.05) higher lysozyme activity as compared to the non-immunised and the non-immunised group at day 30. In larval extracts, the lysozyme activity was higher in larvae from injected with letrozole and immunised parents as compared to larvae from the immunised and the non-immunised parents during development (Figure 2(c) ). From day 0 to day 8 after hatching, lysozyme levels in larvae extracts originated from weekly injected letrozole and immunised parents and from the only immunised parents were more than larvae extracts originated from the non-immunised parents (p < 0.05). From 10 to day 58, an increase was observed in lysozyme activity of larval extracts from both immunised groups and larval extracts from non-immunised brood fish (Figure 2(c) ).
Total Immunoglobulin (IgM)
Total immunoglobulin levels in the sera of the injected weekly with letrozole and immunised broodstocks (11.06 ± 0.03 mg•ml −1 ) was higher than the only immunised (10.47 ± 0.26 mg•ml −1 ) and the non-immune (7.91 ± 0.06 mg•ml −1 ) beoodstock sera at day 30 (Figure 3(a) ). The difference was significant among the groups (p < 0.05). Egg and larval extracts from the injected weekly with letrozole and immunised group expressed higher IgM levels than the only immunised and the non-immunised groups (Figure 3(b) and Figure 3(c) ). But the difference was not significant between the small amounts of IgM were detected in the immunised and non-immunised eggs. While the difference between immunized and non-immmunised eggs seems to be significant in Figure 3(b) . In larvae, this amount gradually decreased from day 0 to day 8. The IgM was not detectable in non-immunised larvae from day 2 to 8 while small amounts of IgM were present in the larvae from immunised groups at the same days. Then this IgM level gradually increased in both groups from day 10 until the end of the experiment at day 58 (Figure 3(c) ).
Discussion
The aquaculture industry is recently facing a serious setback due to infectious [29] diseases leading to severe economic loss [30] [31] . Although mortalities have been reported in all stages of life, maximum mortalities in all the cultivated fish species have been reported at larval stages. Due to lack of immune competence at the early stages [29] , an alternate method was evaluated for enhancing the resistance for more availability of healthy fish seed by immunisation. In a study in 2002 in Iran from 235 cases of streptococcosis among rainbow trout collected from farms of Fars province, streptococci were isolated from 199 cases. These isolates were biochemically allocated to Streptococcus iniae and Lactococcus garvieae [32] . Also L. garvieae outbreaks in farmed rainbow trout are described from different parts of Iran [33] .
The total immunoglobulin level in the sera of the injected with letrozole and immunised broodstocks (11.06 ± 0.03 mg•ml ) and the non-immunised (7.91 ± 0.23 mg•ml −1 ) broodstocks (Figure 3) . This is in agreement with observation in rainbow trout [34] , gilthead seabream [35] . Sex hormones are usually elevated during spawning season of fishes and the rise of sex hormones can severely affect the immunity of fishes [19] [36] . The rise of estradiol-17-β is reported to affect IgM level, and antibody-producing cells in several fish species like Oncorhynchus mykiss, Salmo trutta, Chinook salmon, Oncorhynchus tshawytscha, gold fish, Carassius auratus [18] - [21] . For example in O mykiss [34] [37] and gilthead seabream [35] , shown that the rise of sex hormones can suppress the plasma IgM and IgM secreting cells during spawning period leading to immunosuppressive condition. Due to, elevation of sex steroids can make fish more vulnerable to several microbial infections during the spawning season and subsequent mortality following the spawning phase. We used the endocrine disrupter component (EDC) letrozole for rising lysozyme and IgM levels in immunised females.
The significant rise in lysozyme (Figure 2 ) IgM (Figure 3 ) levels of the broodstocks injected with letrozole and immunised and only immunised, one month before breeding was observed .A set of genes related to innate immunity in vertebrates, including chemotoxin, poly saccharide-binding protein1, and antimicrobial peptide hepcidin were down-regulated after exposure to estrogen [38] [39] . In the present study, the significant rise in antibody level adult females injected weekly with letrozole and immunised also females only immunised 1 month before breeding was observed and that was successfully transferred to offspring. However, only a low level of antibody was found to be transferred from mother to larvae. Sin et al. [40] reported significant antibody against Ichthtyophinus multifilis in Oreochromis aureus by immunising 1 month prior to spawning and also re- ported successful transfer of antibody from mother to offspring. The successful transfer of immunoglobulin antibody from mother to offspring has also earlier been reported in many fish species including plaice [41] , tilapia [42] - [44] , red sea bream [45] and sea bream [46] . In the present study, the high levels of circulating antibodies detected against L. garvieae confirmed the immune response of the parents. This study investigates the vertical transmission of immunity (lysozyme and IgM parameters) in eggs and larvae. Lysozyme is a bactericidal enzyme, involved in hydrolysis of the β-(1, 4) linked glycoside bonds of bacterial cell wall peptidoglycans. Lysozyme has also been detected in oocytes, fertilized eggs and larval stages of several species, for examples eggs of coho salmon and other salmonids [6] . This study demonstrated that the lysozyme activity in the sera from injected weekly with letrozole and immunised parents were much higher than the only immunised and non-immunised group sera. In addition, egg and larval extracts from the injected weekly with letrozole and vaccinated group showed higher activities in comparison to the only vaccinated and the non-vaccinated parents (Figure 2) . Lysozyme activity detected in the eggs was probably derived from the parents, and the activity level decreased from hatching to larval stage from 2 to day 8 in three groups, which may correspond to the yolk absorption and a natural protein catabolism during this period. At day 8 after hatching, larval extracts from the injected weekly with letrozole and immunised group and the only immunised group expressed more lysozyme activity than the non-immunised group and the same trend of higher lysozyme activity was observed in larvae from all of the groups until day 58 (Figure 2(c) ). This increase during early stages may be due to the transfer of maternal immunity in larvae from immunised parents as it is supported by the presence of higher lysozyme activity in eggs from immunised parents. The present results are comparable with other studies in some fish species. High levels of lysozyme have been found in sea bream [46] . The lysozyme present in sea bream eggs was bactericidal to photobacterium sp. Also there are several reports of lysozyme isolated from fish serum and ova, being bactericidal even for important fish pathogens like A.salmoncida and A. hydrophila [15] .
Total IgM levels of samples (serum, egg and larval extracts) originating from the only immunised parents and weekly injected with letrozole and immunised parents were higher in comparison to similar activities from samples from the non-immunised parents (Figure 3) . The IgM concentration of rainbow trout serum was comparable to the IgM level seen Atlantic salmon (Salmo salar L.) [11] and sea bream (Sparus aurata) [3] . The measurement of egg IgM concentration in Oncorhynchus mykiss gave results comparable to those found in other teleost fish species, such as sea bream [47] and Sparus auratus [46] . Data available from other teleosts have indicated that maternal supply specific IgM is very low, gradually declining with time, and consequently of limited duration [48] [49] . In sea bass, for example, maternal IgM is deposited in the ovary during vitellogenesis and reaches maximum concentration during ovulation. At hatching this level had been reduced about 100-fold and 5 d.p.h. No maternal IgM was detected in sea bass larvae [10] [50] . A similar situation has been demonstrated in tilapia [51] and Atlantic salmon [11] . In this study, the IgM level detected in the eggs probably derived from the mother, and the activity level decreased from hatching to larval stage day 8 in three groups, which may correspond to the yolk absorption and a natural protein catabolism during this period (Figure 3(c) ). At days 0 and 8 small amounts of immunoglobulin were detectable in larval extracts from the immunised group and injected weekly with letrozole and immunised group, whereas no IgM was found in larval extracts from the nonimmunised group. Furthermore, higher IgM levels were observed in larvae from injected weekly with letrozole and immunised parents as compared to the larvae extracts from the non-immunised parents until day 58. There was no significant difference between IgM levels in larval extarcts from immunised parents and injected weekly with letrozole and immunised parents (p > 0.05). The low levels of IgM in eggs and larvae indicate that there is no specific transport mechanism for immunoglobulin from the mother [52] . Possibly the primary role of maternal antibodies is to protect the eggs against vertical transfer of certain pathogens or maternal IgM may aid phagocytosis or the activation of complement pathways in early development stages; IgM may even function simply as a nutritional yolk protein [6] [53] . The present ELISA results come close to those reported in other fish species such as tilapia [51] , chum salmon [53] and sea bream [46] .
The wet body weight of the only immunised group larvae was higher than the injected weekly letrozole and immunised group and the non-immunised group larvae (Figure 1 ). This trend (although statically non-significant) would be an important outcome for the growth characteristics of larvae if an attribution to the immunisation of parents can be established.
Finally, the injection of letrozole and vaccination of brood fish through bacteria (L. garvieae) has significantly enhanced the non-specific factor (lysozyme) in comparison to other two groups (p < 0.05), in the egg and larval extracts. But the IgM level in egg and larval extracts from immunised and injected weekly with letrozole and immunised parents had not significantly different (p > 0.05). Further studies are ongoing to elucidate the modulation of different non-specific factors following specific immunisation. Therefore, the present investigation revealed the transfer of maternal antibodies from mother to egg and their existence at different stages of larval growth. Hence, using non-steroidal compounds and immunised broodstocks of rainbow trout prior to breeding can be recommended for better health management and to overcome the challenges in vaccinating large number of larvae at a time.
